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TECHNICALNOTE2932

WATER-IJWTDINGINVESTI@I!IONOFA FIAT-BOTTOMV-STEP

MODELANDCOMPARISONWITHA THEORY

INCORPORATINGPLANINGIIA!I!A

By RobertW.MiJler

A flat-bottomV-stepmodelhavinga beamloadingof4.6wassub-
jectedto ftied-trimWpactsin smoothwater.Thetestsweremadeat
trhs of4°,12°,and20°andinitialflight-pathanglesrangingfrom
2.7° tO 20.7°. Thedatawereobtainedastimehistoriesof draft,ver-
ticalvelocity,andverticalacceleration.

Theexperimentalresultsarepresentedas~lotsofnondimensional
lift,draft,verticalvelocity,andtimeagainstflight-pathangleat
contact.Thetrendsoftheresultsagreegenerallywiththoseexhibited
bymodelshavingtransversestepsandhighbeamloadings.

Computedresults‘determinedaccordingto themethodpresentedin
NACATN 2814forthecalculationofhydrodynamicimpactloadsby the
useofforce-draftrelationshipsobtainedinplaningarecomparedin
time-historyplotswithexperhentalimpactdata. Thesecomparisons
showgoodagreementandindicatethatthismethodcanbe appliedsucces-
sfullytothe@acts ofV-stepmodelshavinghighbeamloadings.

INTRODUCTION

Inthedevelopmentofmethodsfordeterminingthevaterloading
during@acts of seaplanes,twogenerallinesof approachhavebeen
used. Theseare(1)thedevelopmentofa theorybasedontheassumption
thatduringan impactthefluidflowabouta seaplanehulloccurspri-
marilyintwo-dhnensionalplanesorientednormaltothekeeland(2)a
solutionoftheequationsoflandingimpactintermsofthesteady-planing
propertiesoftheseapke. Thedevelopmentofthetransverse-flow
theorywasdescribedinreferences1 and2 andmethodsusingtheplaning
propertieswerediscussedinreferences3 and4.

Thepresentpaperhastwomainpurposes.Thefirstpurposeisto
presentthehydrodynamic@act dataobtainedfromtestsof a flat-bottom

..—. — ————



2 NACATN2932

V-stepmodelhavinga highbeamloadingand,innondimensionalform,to .
comparethetrendsofthesedataovera rangeofflight-pathanglesand
trimswithsimilarresults(presentedinrefs.5 and6) fromtestsof
twotransverse-stepmodels.Thesecondmainpurposeofthispaperis
to showtheapplicabilityto impactsoftheflat-bottcmV-stepmodelof
themethodofreference4 by usingtheplaningpropertiesofa geometri-
callys~ model.Therequiredresultsofplaningtestswithsucha
modelarepresentedandareusedto obtaintime-historycomparisonswith
theexperimentalimpactresults.

SYMBOLS

b

Fz

g

z

-1’

m

%?

‘%
t

Vpl

v

w
●

x

z

z’
.
z

beamofmodel,f%

verticsl.hydrodynamicforce,lb

accelerationdueto gravity,32.2 ft/sec2

wettedlength,ft

wettedlengthticludingeffectofwaverise,f%

massofmodel,slugs

virtualmassofwater,slugs

impactloadfactor,Fz@ or ;/g

timeafterwatercontact,sec

steady-planingvelocity,ft/sec

velocity,ftjsec

weight,lb

horizontalvelocityofmodel,ft/sec

modeldraft,ft

modeldraftincludingwaverise,ft

verticalvelocityofmodel,ftjsec

. ..— ,.



NACATN2932

r. ..
z verticalaccelerationofmodel,ft/sec2

Y flight-pathangle,deg..

P massdensityofwater,1.938slugs/cuft

T trim,deg

!’(u)) psi-function,:+lo&Ol

V-l(U)) inversepsi-function

Subscripts:

o attimeofwatercontact

msx

Dimensionlessvariables:

CA beam-loadingcoefficient,Im Pb3

pm liftcoefficient,F
I
~ pb%p12

‘2

%’ = ‘%
l+=

cd draftcoefficient,z/b

% I@pact1~ coefficient,Fz~ pb%02

c~ timecoefficient,

k generalizeddraft

6 impactparameter,

IVotb

1 Jz/b
coefficient, ~’d~

2CASi#T COS2T O

+70 +y-
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4 NACATN2932

Thetestswere
eqxl.pmentdescribed

APPARATUSANDTESTPROCEDURE

conductedintheLa@ey impactbasinwiththetest
inreference7.

TheV-stepmodelusedwasessentitiya rigidflatplatehavingin
theplanviewa rectangularforwardportionanda triangularaftportion
witha 2:1taperratioanda CA of4.6. Theflat-bottomtransverse-
stepmodelofreference5 andtheV-bottmntransverse-stepmodelof
reference6 hadbesm-loadingcoefficientsof18.8. A viewoftheV-step
modelintestingpositionispresentedinfigurel(a)anda sketch
showingitsshapeanddimensionsisgivenh figurel(b). Themodelwas
rigidlyattachedto thecarriageboombymeansofa load-measuringdyna-
mometerwhichcanalsobe seeninfigurel(a).

Thestandardcarriageinstrumentation,describedinreference7,
wasusedtomeasurethe historiesoftheliftforceandofthe’hori-
zontalandverticalcomponentsofvelocityanddisplacement.Accelera-
tionsintheverticaldirectionweremeasuredby anunbendedstrain-gage-
typeaccelerometerwhichhada naturalfrequencyof105cyclespersecond
andwasoil-dsmpedto about6Spercentofthecriticsldamping.

Theapparatusandinstrumentationusedgavemeasurementsthatare
believedaccuratewithinthefollowinglimits:

Horizontalvelocity,“ft’/sec. . . . . . . . . . . . . . . . . . *0.5
Verticalvelocityat contact,ft~sec . . . . . . . . . . . . . *0.2
Verticaldisplacement,ft. . . . . . . . . . . . . . . . . . . *0.03
Acceleration,g . . . . . . . . . . . . . . . . . . . . . . . *().2
The, sec. . . . . . . . . . . . . . . . . . . . . . . . . . . *0.W5
Weight,lb . . . . . . . . . . . . . . . . . . . . . . . . . . +2.0

TheV-stepmodelwastestedattrimsof4°,12°,and20°. The
initislhorizontalvelocityforthesetestswasvariedfromapproximately
25feetpersecondto 8Sfeetpersecond,andtheinitialvertical
velocitywasvariedfromapproximately4 feetpersecondto 10feetper
second.Thetotaldroppingweightofthemodelanddroplinkagewas
1,330pounds.

Throughouteachimpacta simulatedaerodynamicliftforceequalto
thetotaldroppingweightwasexertedonthemodelbymeansofthelift
engine.Theliftengineandthegeneraltestingprocedureusedare.
describedinreference7.

—. ——— —.—— — —



NACA‘IN2932 5

METEODOFCALCULATION

,
A briefdescriptionoftheequationstobe usedinobtainingimpact

loadsandmotionsfromplaningresultsispresented.Theplaningresults
necessaryforthecomputationsandtheapplicationoftheplaningresults
to impactconditionsarealsodiscussed.Theassumptionisude that
themodelremainsfixedintrtiandhaszerorollandyaw. A further
assumptionisthata wingliftforceequaltothedroppingweightofthe
modelactsthroughouttheimpact. ~

Basicequations.-Intheanalysisofreference4,thegeneraldif-
ferentialequationforthehydrodynamicforceoccurringduringoblique
water@act (fig.2(a))ofa seaplaneofarbitraryconstantcrosssec-
tionwasderivedandconvertedtitoa formsuchthattheequationwas
expressedintermsoftheplaningpropertiesoftheseaplaneormodel.
Thisequationwasthensolvedto obtainequationsforthefloatmotions
yhichcanbe writtenas

and

where

-E = pb%02cos2(yo+ T)

~ COS2T ~’{v-1~(’)-kl}2

.
_ ‘o
G-

{

~ @@) -k -1
1}

, J=z/’;,y
2GAsin% COS2T O

(1)

(2)

‘l?heseequationsgivetheaccelerationandverticalvelocityofthe
seaplaneormodelintermsoftheproperties’oftheseaplaneormodel,
theinitialconditionsoftheiprpact,thegeneralizeddraft z/b,and
theconventionalplaningcoefficient~, aa isshownsubsequently. ‘

DeterminationofplaninRcoefficient.-Thevaluesofplaningcoef-
ficientrequiredfortheimpactcomputationswereobtainedfroman anal-. .
ysisofplaningdatafora small.-scalemodeloftheV-stepplateused
inthehpe.cttests.Theplaningresultsusedinthisanalysiswereh

———— . -- . — .— — ---—— —
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theformofplotsofwetted
atvariousmodelvelocities

len@h,drti,
andtrims.

NACATN2932

andloadagainstwettedarea

Thewetted-len@handdraftresultswereusedto obtaina measure
oftheincreaseinwettedlengthZ’- 2 (seefig.2(b))causedby the
waverisegeneratedby themotionofthemodel.Thewettedlength
includingtheeffectofwaverise,as showninfigure3, isapproximately

z’—= ~ +’0.35
bb

()2<2 (3)
b

()E>2
b

(4)

. where

z z=— z’=~
SillT SinT

Theconstant(0.35)increaseinequation(4)isinagreementwiththe
resultsobtainedinreference4 fortherectangularportionofthemodel
andthepercentageincreaseforthetriangularportioni6inaccordwith
thescaleeffectof increasingsimilarimersedareas.

Theplaningcoefficientscomputedfromtheloadandvelocitydata
werethenplottedinfigure4 againstthesquareoftheratioofthe
draftincludingwaverisetobeamforeachtrimsmdcurveswerefitted
tothedata. Sinceinte~ationofequatio~issimplerinthiscase
than~aphicalintegrationincalculatingthegeneralizeddraftcoeffi-
cient k,thefollowingequationswereobtainedfromthecurvesin
figure4:

At a trimof 200

(b) ((*)2<0047)‘5a)~= 0.56=2

~ = 0.38(&~ + 0.08 ((5)2=47) ,5b,

At a trimof12°

~ = 0.81(32 (FY<oo’j‘6a)

,!

— .— —— —.-— .—.— —..



NAC!ATN2932 7

●

()~ = 0.56 ~ 2 + 0.04 @2>0017) (611)

At a trimof4°

,()~=1.052#

Applicationofmethod.- Inthecaseof
beamloading,thevirtualmassofthemodel
t otslmass~volved;
usedinapplylngthe
cientistakentobe

therefore,in‘orderto
methodofreference4,
equalto CB stie

%’ =

a V-step
issmall
simplify

(7)

modelhavinga high
comparedwiththe
thecomputations

themodifiedphningcoeffi-

(8)

Theimpactloadsandmotionsofthemodelcanthenbe computedin
thefolJ-& mauner:A seriesofvaluesofthegeneralized= z/b
arechosen.By usingeqyations(3) and(4) ortheresultsofrigure3,
thecorrespondingvaluesof ~ canbe obtainedfromfigure4 or equa-
tions(5),(6), and(7). These ~ valuesarethenusedtogetherwith
thevaluesofverticalvelocityatwatercontactinequations(1)and(2)
to obtainnumericalsolutionsforthe’verticalvelocityarklacceleration
throughouttheimpact.Thev-functionvaluesrequiredinthisprocess
aregivenintableI fortheconvenienceofthereader,althoughvalues
ofthisfunctionaretabulatedandplottedinreference4.

Thenumerical
areintheformof

solutions’obtained
“draft”histories.

Jz
t=

o

bytheuseofequations(1)and(2)
Butsince

integrationofa plotof l/~ againstz
tire-functiontoconvertthesol~ionsso

(9)

willprovidethenecessary
farobtainedto tk histories.

,_ ._ ..- ———



NACATN2932

RESULTSANDDISCUSSION

Theresultsofthetestsarepresented(1)asplotsshowingthe
variationofthenondimensionalcoefficients

k’ c“ 2/z@md c’
withflight-pathangleatwatercontactand(2)astime-historycompari-
sonswithresultscomputedbymeansofthemethoddescribedinthepre-
cedz section.Thetrendsshownintheplotsofthenondimensional
coefficientsarecomparedwiththosefortwoothermodelsofdifferent
shapeswithhighbeamloadings.Thetime-historycomparisonsareused
to demonstratetheapplicabilityofthemethodtothecaseofV-step
flat-bottommodelshavinghighbeamloadings.

ExperWntalresults.-Theexperimentaldatawereobtainedfromthe
testsastimehistoriesofdraft,verticslvelocity,andverticalaccel-
eration.Thevaluesof initialconditionsandtherecordeddataatmax-
hum acceleration,nuxdmumWtj andreboundaregivenIntableIIfor
theV-stepmodel.Thenondimensionalcoefficientsderivedfromthese
dataareaffectedby chaagesinmodelgeometry;thus,theexperhental
resultsarevalidonlyformodelshavingthesameshape.Theresults
can,however,be appliedtomodelsof,differentsizesincethecoeffi-
cientsaregeneralinthisrespect.

Figure5 presentsthevariationof impactliftcoefficientatthe
instantofmaXhmJmaccelerationwithflight-pathangleattheinstant
ofwatercontactfortheV-stepmodel.5s figureshowsthatforthe
V-stepmodelthevalueof impactliftcoefficientincreaseswith
increasingflight-pathanglebutdecreasesslightlywithincreasing
trim. Thevariationwithflight-pathangleisverysimilartothat
generallyobservedformodelshavinghighbeamloadings;however,this
trendwithtrimistheoppositeofthatobsenedinreference6 fora
V-bottomtransverse-stepmodel.Fortheflat-bottomtransverse-step
modelusedinreference5jnotre~ ~th c~ tr~ ~s observed”

Figure6 presentsthedraftcoefficientattheinstantofmaximum
immersionandalsoattheinstantofmaximumaccelerationplottedagainst
flight-pathangleatwatercontact.Thedraft coefficientisseento
increasewithincreasesinbothflight-pathangleandtrim. Theincrease
indraftcoefficientwithincreaseinflight-pathangleisalsoobserv-
ableforthetwotransverse-stepmodels(refs.5 and6). me increase
withtrim1s,however,obsemble onlyinthedataatmadmumaccelera-
tionfortheflat-bottommodelsandnotatallfortheV-bottommodel.

In figure7 theratiosoftheverticalvelocitiesattheinstant
ofmaxlmmaccelerationandattheinstantofmodelreboundto theini-
tialverticalvelocityareplottedagainstflight-pathangleatwater
contact.Thisfigureshowsthat,fortheV-stepmodelat a giveninitisl
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velocity,theverticalvelocityatmaxhumaccelerationincreaseswith
increasinginitialflight-pathangleanddecreaseswithincreasingtrim.
Ontheotherhand,againfora giveninitialvelocity,theabsolute
valueofverticalvelocityat rebounddecreaseswithincreasinginitial
flight-pathangleandincreaseswithtrim. Thesetrendsaresimilarto
thoseexhibitedby themodelofreference5 exceptthattheresults
givenhereinfortheV-stepmodelareofnonuniformslope,whereasthose
ofreference5 arestraightlines.Notrendswereobservableinthe
velocity-ratioresultsfortheV-bottommodelofreference6 becauseof
thescatterofthedata.

Figure8 showstheeffectofflight-pathangleatwatercontact
uponthethe to reachmaximumacceleration,to reachmaximumdraft,and
formodelrebound.Thetimecoefficientsattheinstantofmaximum
accelerationandattheinstantofnwdmumimmersiondecreasewith
increasingflight-pathanglebutincreasewithan increaseh trim. For
a giventrim,thetimecoefficientsforthesetwoconditionsappearto
be convergingastheinitialflight-pathangledecreases,an indication
thatforverysmsllflight-pathanglesmaxhumaccelerationwo~d occur
at approximatelythetimeofmaximumhnmersion.Thethe coefficient
atreboundinitiallydecreasesandthenincreaseswithan increasein
flight-pathangle;atthelowerflight-pathangles,thecoefficient
increaseswithtrim,whereasatthehigherflight-pathanglesitdecreases
withtrim.

Thetrendsobsenedforthetti coefficientatmaximumaccelera-
tionsresimilartothoseforthetransverse-stepmodels(refs.5 and6);
however,fortheV-bottomtransverse-stepmodel(ref.6) thetrendwith
trimwasnotwell-defined.At maximumimmersionthetrendswithtrim
andwithflight-pathanglefortheV-stepmodelweretheoppositeof
thoseobservedfortheflat-bottomtransverse-stepmodel.Thetrends
atthetimeofmodelrebound,forthehigherflight-pathangles,-e
withthoseofthetwotransverse-stepmodels;however,theresultsfor
thetransverse-stepmodelsdidnotexhibitthereversaloftrendsobsened
atthelowerflight-pathangleswiththeV-stepmodel.

Comparisentiththeory.-Timehistoriesoftheexperimentaldraft,
verticalvelocity,andvertical-accelerationforfouroftherunslisted
intableIIfortheV-stepmodelarecomparedinfigure9 withthose
calculatedby useofthemethodofreference4 forthesw initialcon-
ditiOIIS. The runs chosenforthecomparisonarerepresentativeofthe
threetrimsusedinthetestsandapproximatelycovertherangeof
flight-pathanglecoveredby thetests.

Intherunsshowninfiguresg(a)to 9(c), the _ z appears
tobe overestimatedby thetheorythroughouteach5mpactby about10per-.9
centoftheexperimentalvalue.Thetheoreticalverticalaccelera-
tions ~,ontheotherhand,closelyapproximatetheexperimentalcurves

c

.—-— —



10 NACATN2932

exceptnearthemaximumpointwhe:ethetheoreticalvaluesarelow. In .
thecurvesofverticslvelocityz onlysmalldeviationsofthetheo-
reticaldatafromtheexperimentaldatacanbe seen.

Thecurvesforrun10 (fig.9(d))showevenlessdiscrepancybetween
thetheoreticalandexperimentaldatathandothecurvesfortheother
threeruns. Figure9,therefore,indicatesthattheexperimentalresults
arewell-representedby theresultscalculatedby useofthemethod
incorporatingthemodelplaningdata.

Themethod,aspresentedinreference4,-s beenratherextensively
checkedinthatreferencefora flat-bottomtransverse-stepmodeland
thepresenttestsprovideadditionalevidenceofthevalidityofthe
theoryingeneral.Althoughthesecomparisonsoftheoreticalandexperi-
mentalresultsmaynotbe extensiveenoughto givea completevalidation
ofthetheory,theyshouldbe stificientlyconclusiveto permitexten-
sionoftheuseofthetheoryto flat-bottomV-stepmodelshavinghigh
beamloadings.

CONCLUSIONS

An analysisofexperimentaldataobtainedduringhydrodynamic
impactsofaflat-bottamV-stepmodelhav@ ahighbeamloadingresulted
inthefol.lowhgconclusions: 4

1.Thetrendswithflight-pathangleandtrimoftheplotsofthe
nondimensionalcoefficientsare,ingeneral,verysimilarto those
exhibitedby transverse-stepmodelshavinghi@ beamloadings. ..

2.Thecomputedmotiontimehistoriesshowgoodagreementwiththe
experimentalresults,an indicationthatthemethodofNACATN 2814can
be appliedto thecaseofflat-bottomV-stepmodelshavinghighbeam
load4ngs.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,January16, 1953.

. .
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TA13LEI

‘l!AELEOFV-FUNCTION

—

co

0.01
.02
.03
.04
.05
.06
-07
.08
.09
.10
.ll
.12
.13
.14
.15
.16
.17
.18
.19
.20
.21
.22
.23
.24
.25
.26
.27
.28
.29
.30
.3
.32
.33
.34
.35
.36
.37
.38
.39
.40

*(CD)

94.394’8
45.0880
28.8267
20.78n
16.0043
12.8533
10.626k
8.x42
7.7032
6.6w4
5.8836
5.2130
4.6521
4.1768
3.7696
3.4174
3.11o4
2.8408
2.6025
2.3906
2.2013
2.0314
1.8781
1.72%
1.6137
1.4991
1.3944
1.2X4
1.2104
1.1293
1.0546
.9856
.9zL6
.8-624
.8073
.7562
:7g

.6225

.S337

L

a)

0.41
.42
.43
.44
.4s
.46
.47
.48
.49
.50
.51.
.52
.53
.54
.55
.56

:2
.59
.60
.61
.62
.63
.64
.65
.66
.67
.68
.69
.70
.n-
.72
.73
.74
.75
.76
.77
.78
;;:

v(a))

0.5474
.5135
.4816
.4517
.423’7
.3974
.3727
.3493
.3275
.3068
.2875
.2692
.2519
.2357
.2204
.2059
.1923
.1794
.1673
.1559
.1450
.1349
.IZ53
.1162
.lqq’
.o~
.og20
.0849
.0782
.07J-9
.0660
.0604
.0552
.0503
.0456
.0414
.0373
.0336
.0301
.0269

.
.-

U3

0.81
.82
.83
.84
.85
.86
.87
.88
.89

::
.%
.93
g

.!%

.97

.98

.S9
1.00
1.01
1.02
1.03
1.04
1.05
1.06
l.q’
1.08
1.09
1.10
1.IL
1:12
1.13
1.14
1.15
1.16
1.17
1.18
1.19
1.20

*(O)

0.0239
.0210
.0185
.0161
.0140
.0120
.0101
.0086
.Ocrp
.Ooq’
.0046
.0036
.0027
.COlg
.CQ13
.0009
.0004
.0U02
.Oooo
.0000
.0001
.0002
.0004
.Ooq’
.0012
.CQ17
.0022
.0229
.0036
.0044
.0053
.0062
.0072
.0082
.0093
.0105
.0117
.0130
.0143
.0156

in

1.21
1.22
1.23
1.24
1.25
1.26
1.27
1.28
1.29
1.30
log
1.32
1.33
1.34
1.35
1.36
1.37
1.38
1.39
1.40
1.41
1.42
1.43
1.44
1.45
1.46
1.47
1.48
1.49
1.50
1.51
1.52
1.53
1.54
1.55
1.56
1.!57
i.58
1.59
1.60

—. —

v-(a))

o.Oln
.0185
.0200
.0216
.0231
.0248
.0264
.0281
.0298
.o~6
.0334
.0352
.0371
.0389
.0408
.0428
.0447
.0467
.0487
.0508
.0528
.0549
.Oqo
.0591
.0612
&g

.06’jq’

.06gg

.0721

.O-p-4

.0766

.0789

.081J

.0834

.0857

.0880

.093

.0927

.0950

.
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CD

1.61
1.62
1.63
1.64
1.65
1.66
1.67
1.68
1.69
1.70
1.71
1.72
1.73
1.74
1.75
1.76
1.77
1.78
1.79
1.80
1.81
1.82
1.83
1.84
1.85
1.86
1.87
1.88
1.89
1.9
1.91
1.92
1.93
1.94
1.95
1.96
1.97
1.98
1.99
2.00

v(a))

0.0973
.0997
.1021
.1045
.1o68
.1092
.IU6
.IJAO
.I-165
.u89
.1213
.1237
.1262
.1286
.13U
.1335
.1360
.1384
.1409
.1434
.145!3
.1483
.1508
.1534
.1557
.1582.
.1607
.1632
.1657
.1682
.1707
.1732
.1757
.1782
.18o7
J_m&

.1882

.1906

.1932

CD

2.01
2.02
2.03
2.04
2.05
2.06
2*W
2.08
2.09
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30
2.3
2.32
2.33
2.34
2.35
2.36
2.37
2.38
2.39
2.40

TABLE 1.-Concluded

- m V--I0N

t’(m)

0.1956
.1982
.2007
.2032
.2056
.20!32
.21.06
.2131
.2156
.2181
.2206
.2231
.2256
.2281
.2306
.2331
.2356
.2380
.2405
.2430
.2455
.2480
.2504
.2529
.2554
.2578
.2603
.2628
.2652
.2677

‘ .2702
.2726
.27m
.2~5
.28cM3
.2824
.2848
.2873,
.2897
.2921

a)

2.41
2.42
2.43
2.44
2.45
2.46
2.47
2.48
2.49
2.50
2.51
2.52
2.53
2.54
2.55
2.56
2.57
2.58
2.59
2.60
2.61
2.62
2.63
2.64
2.65
2.66
2.67
2.68
2.69
2.70
2.71
2.72
2.73
2.74
2.75
2.76
2.7-7
2.78
2.79
2.80

if(a))

0.29M
.2970
.2994
.3018
.3043
.3067
.3091
.31J5
.3139
.3163
.3187
.321J
.3235
.3259
.3283
.3306
.3330
.3354
.3378
.3401
.3425
.3449
.3472
.3496
.3519
.3543
.3566
.3590
.3613
.3636
.::3

“ .3706
.3729
.3752
.,3776
●3799
.3822
.3845
.3868

co

2.81
2.82
2.83
2.84
2.85
2.86
2.87
2.88
2.89
2.90
2.91
2992
2.93
2.94
2.95
2.96
2.97
2.93
2.99
3.00
3.10
3.20
3.30
3.40
3.50
3.60
3.70
3.80
3.93
4.00
4.10
4.2o
4.30

;:2
4.60
4.70
4.80
4.93
5.00

0.3891
.3914
.3936
.3959
.3982
.4005
.4027
.4050
.4073
.4095
.41J8
.4141
.4163
.41_86
.4205
.4230
;4253
.4275
.4297
.439
.4s40
.4757
.4970
.5179
.5385
.5587
.5786
.5982
.6174
.6363
.6549
.6732
.69x?
.7Q!39
.7263
.7435
.7603
.7770
.7933
.8094
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DATA FFKM TE9TSOF A FL4T-PL%l?l?CMV-EWE?MODEL

~ = 1~,0,ounda; c* u k.~
L

At
()niw ~I At contact At rebouud

T)

leg ‘o ‘

f’J)6

4 75.6
&
.

12 84.8
77.2
74.3

2::
38.7

20 83.8
73.2
47.3
35.9
25.9

k, ~o,
f’p6 fps

75.4 5.8
72.7 7.9
59.5 8.9

84.8 4.1
76.9 6.1
73.8 8.1
53.8 8.9
:;.; ;.:
. .

83.7 4.5
72.8 7.7
46.2 10.0
34.5 9.9
24.3 9.2

.
z> t,

f-ps aec

4.8 0.138
6.8 .130
7.9 .145

1.8 .170
.149

::! .139
.170

::: .174
7.0 .210

1.4 .189
2.6 .172
6.1 .203
6.4 .270
6.7 .330

Run

+

t, ;,

aec fp

0.389 -2.2
.430 -2.4
.595 -2.2

.377 -2.7

.355 -3.8

.349 -4.5

.462 -3.9

.544 ~;.:

.725 .

t>

8ec

).053
.043
.040

702

deg

% “
ft

2.4 0.28
3.3 .31
3.8 .31

1.3 .41
2.1 .56
3.1 .65
2.7 .70
2.4 .74
2.2 .77

1.3 .54
2.9 .%
2.5 1.06
1.9 1.12
1.4 1.14

z,

f-t

:::
8.5

1
2
3

0.41
.52
.62

2.7
4.6
6.4
9.4

U-.3
14.3

.140

.IJZ’4

.102

.095

.G99

.093

.42

.59

.71

.84

.95
1.08

r

1
.420 -3.3
.380 -5.7
.535 -5.0
.716 -3.4

1.17o -1.8

10
IL
12
13
14

2:;
12.2
16.0
20.7

.174

.147

.129

.140

.150

,

.54

.84
1.20
1.39
1.60
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(a)Photographofmodel
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mountedfortesting.
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(b)‘Sketchofmcdelshowingdimensions.
T

Figure1.-Flat-bottomV-step@el havinga heavybeamloadingtested
inLangleyimpactbasin.
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Figure3.-Increaseofwettedlengthdue

3
surface,1b

towaterrise.
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F1.ight7pathangleatwatercontact,To,deg

Figure5.-Variationof impactliftcoefficientat instantof~
accelerationwithflight-pathangleatwatercontact.
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Figure6.- Variationof &mft coefficientwith flight-pathangleat
water contactfor the V-stepmodel.

. . ,



,.

I

1.2

I

I
“4*0

.
.5
$

&

ij

t
P

.@

.h

c

-. 11

-0 a
.

0

,.

F
_-

I
o- —-- .

I I I I I I
1.

Figure7.-

3 6 10

Variationof vetiical-velocity rat10
at water contactfor the V-8tep

..

with flight-pathangle
model.

30

lo
P



22 NACATN 2932

—.. At Z-

— – Atrebound

\

.

Figure8.-
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Variationoftimecoefficientwithflight-pathangleat
watercontactfortheV-stepmodel.
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(d)Run 10. T = 20°;
7 = 3.00.

of theoreticaland qrinkmtal. time historiesof verticalmotion6
flm the v-stepIncdel.
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